Abstrak: Rodent tergolong dalam kumpulan Rodentia yang terdiri daripada tiga Famili di Borneo (Contoh: Muridae, Sciuridae dan Hystricidae). Ini termasuk tikus, tupai dan juga landak. Golongan ini tersebar di serata dunia dan dianggap sebagai haiwan perosak yang mengancam manusia dan haiwan ternakan. Sebahagian spesies rodent adalah sumber pembawa jangkitan Hantavirus (Famili: Bunyaviridae) yang menyebabkan penyakit zoonotik kepada manusia. Walaupun serum manusia pernah dilaporkan seropositif pada Hantavirus di Semenanjung Malaysia pada awal tahun 1980, informasi tentang jangkitan pada spesies rodent di Malaysia masih kekurangan. Populasi rodent di kawasan perumahan dan kawasan hutan di Sarawak telah disampel. Sejumlah 108 individu daripada 15 spesies telah ditangkap di kawasan perumahan (n = 44) dan kawasan hutan (n = 64). Kepelbagaian rodent di kawasan hutan secara signifikan lebih tinggi (H = 2.2342) berbanding rodent di kawasan perumahan (H = 0.64715) (p < 0.001 ujian Zar-t berdasarkan indeks Shannon). Rattus rattus dan Sundamys muelleri amat kerap dijumpai di kedua dua lokaliti. Ujian imunosorben taut-enzim (ELISA) menunjukkan antibodi kursus kepada Hantavirus tidak dapat dikesan daripada 53 sampel serum yang telah diuji. Ini adalah laporan pertama tentang seroprevalensi hantavirus di Sarawak, Malaysia Timur. Hasil kajian menunjukkan bahawa penyebaran Hantavirus tidak berada dalam populasi tikus yang ditangkap di Sarawak, melainkan jika pengesanan di bawah prevalensi rendah iaitu di bawah tahap ambang. Kajian lebih lanjut seperti pengesanan molekul pada komponen viral genetik diperlukan untuk menilai sepenuhnya risiko jangkitan Hantavirus pada rodent dan juga manusia dalam kawasan kajian ini, di Malaysia.
seropositive human sera were reported in Peninsular Malaysia in the early 1980s, information on their infection in rodent species in Malaysia is still lacking. The rodent populations in residential and forested areas in Sarawak were sampled. A total of 108 individuals from 15 species of rodents were collected in residential (n = 44) and forested ( n = 64) areas. The species diversity of rodents in forested areas was significantly higher (H = 2.2342) compared to rodents in residential areas (H = 0.64715) (p < 0.001 of Zar-t test based on the Shannon index). Rattus rattus and Sundamys muelleri were present at high frequencies in both localities. An enzyme-linked immunosorbent assay (ELISA) showed that hantavirus-targeting antibodies were absent from 53 tested serum samples. This is the first report of hantavirus seroprevalence surveillance in rodent populations in Sarawak, East Malaysia. The results suggested that hantavirus was not circulating in the studied rodent populations in Sarawak, or it was otherwise at a low prevalence that is below the detection threshold. It is important to remain vigilant because of the zoonotic potential of this virus and its severe disease outcome. Further studies, such as molecular detection of viral genetic materials, are needed to fully assess the risk of hantavirus infection in rodents and humans in this region of Malaysia.
Keywords: ELISA, Hantavirus, Non-volant Small Mammals, Rodents, Seroprevalence Rodents are gnawing-type, non-volant, small mammals with two pairs of continuously growing incisors. In Borneo, the order Rodentia forms 27.5% of the mammalian fauna that belong to 61 species in three families (i.e., Muridae, Sciuridae and Hystricidae) (Yasuma & Andau 1999; Payne & Francis 2007) . Most rodents have many ecological variations, such as being nocturnal, diurnal and arboreal. Hantaviruses are single-stranded, enveloped, negative sense RNA viruses of the Bunyaviridae family (Elliott et al. 1991; Plyusnin et al. 1996) . Haemorrhagic fever with renal syndrome (HFRS) and hantavirus pulmonary syndrome (HPS) are two types of rodent-borne zoonotic diseases in humans that are caused by hantaviruses (Bi et al. 2008) . There are more than 80 known hantavirus reservoir host species. These include 51 rodent species, seven bat species from the order Chiroptera, and 20 shrew and mole species from the order Soricomorpha (de Oliveira et al. 2014) . According to Kallio-Kokko et al. (2006) , the most prevalent natural reservoir hosts for hantaviruses belong to four rodent genera (i.e., Apodemus, Rattus, Clethrionomys and Peromyscus). The transmission of hantaviruses to humans occurs through bites from infected animals or the inhalation of aerosolized contaminated excreta, such as urine and faeces (Calisher et al. 2006; Yusof et al. 2010; Lin et al. 2012) . In West Malaysia, hantavirus seropositive rodents were previously recorded in several states, including Kelantan (n=4; 9.09%), Port Klang (n=14; 15.91%), and Penang and Perlis (n=17; 6.7%) (Lim et al. 1985; Lam et al. 2001) . However, the seroprevalence and infection of hantavirus in rodent and human populations of East Malaysia are still largely unknown. There were also several reported cases of rodents infected with hantavirus in neighbouring countries [i.e., China (Lin et al. 2012; Wang et al. 2000) , South Korea (Lim et al. 2012) , Singapore (Wong et al. 1985 (Wong et al. ,1988 Johannson et al. 2010) , Indonesia (Plyusnina et al. 2009; Ibrahim et al. 2013) , Thailand, Cambodia and Lao PDR (Nitatpattana et al. 2000; Reynes et al. 2003; Blasdell et al. 2011 Blasdell et al. , 2016 ], which suggested that there was a possibility for the circulation of hantavirus in the rodent populations in East Malaysia.
Rodent samplings were conducted at four residential and five forested areas in Sarawak (Figure 1 ) from October 2014 to April 2015. The residential areas selected in this study were comprised of villages in suburban and rural areas, while the forested areas were comprised of kerangas and mixed dipterocarp forests. The distance between the residential areas and the forested areas ranged from the nearest at 6.65 km (Sebayor Village and Samarahan forest) to 225.79 km (Ulu Serian Village and Samunsam Wildlife Sanctuary). Five sampling days were conducted at each sampling site, with a total of 50 cage traps deployed at residential areas and 100 cage traps set up at forested areas throughout the sampling periods. Cage traps were randomly distributed at a distance of approximately 10 m apart. The bait, including banana, pineapple and dried salted fish, was individually placed inside each cage trap. The success rates of trapping rodents in residential areas were between 0.020 and 0.080, while at forested areas, the success rates were between 0.008 and 0.054. The morphometric measurements of rodents, such as head and body length (HB), weight, tail length (TL), ear length (E), head length (HL), hind foot length (HF) and sex, were recorded following the guidelines provided by McKenna et al. (1997) , Payne and Francis (2007) and Francis (2008) for species identification. Less than 400 µl of blood was collected from each euthanized rodent using a syringe with a 22-G needle by the cardiac puncture technique, following the protocols by Herbreteau et al. (2011) . The blood sample was immediately spun at 4,000 rpm for five minutes to obtain clear serum. The serum samples were temporarily stored in an icebox at field sites and immediately transferred to a -20°C freezer in the laboratory.
The screening of antibodies against hantaviruses from the rodent serum samples was performed in duplicate using the XpressBio Mouse Hanta Virus ELISA Kit (IM-100999; Express Biotech International, Thurmont, Maryland, USA), following the manufacturer's protocol. The ELISA plate was pre-coated with negative and positive viral antigens, which were the recombinant hantavirus nucleoprotein of the Hantaan strain sharing high amino acid sequences homology with the existing Murinae-associated hantavirus strains. However, this test may miss the hantavirus of novel lineages. A total of 108 rodent individuals belonging to 15 species were captured in the residential (n=44) and forested (n=6465) areas (Table 1) : Callosciurus notatus, C. prevostii, Dremomys everetti, Leopoldamys sabanus, Maxomys baedon, M. ochraceiventer, M. surifer, M. whiteheadi, Niviventer cremoriventer, N. rapit, Rattus exulans, R. rattus, R. tiomanicus, Sundamys muelleri and Sundasciurus lowii. Only three rodent species (i.e., R. rattus, R. tiomanicus, and S. muelleri) were found in residential areas. Among these, R. rattus was the most commonly captured rodent from all residential areas. The presence of the invasive R. rattus at the Sama Jaya Nature Reserve (Sama Jaya NR) and Samarahan forest was not surprising, as these two forested areas were both located in the vicinity of the human settlements with urban landscapes. S. muelleri, a common rodent species in forested areas, was also commonly captured in the residential areas in this study, and it was possibly a commensal species to R. rattus. Urbanization has provided an alternative path for opportunistic rodent species such as S. muelleri to exploit urban or sub-urban habitats, whereas this species is usually found in forested areas (Wells et al. 2014) . This study also captured four individuals of R. tiomanicus near a paddy field at Ulu Serian Village, Betong, Sarawak. The rodent species diversity was compared between the residential and forested areas based on the Shannon index calculated using PAleontological STatistic (PAST) version 3.10. As expected, the species diversity of rodents in forested areas (H = 2.23422.250) was significantly higher than in residential areas (H = 0.64715) [p<0.001, Zar-t test]. A total of 12 out of 15 rodent species captured were only recorded in forested areas. Among these, Sama Jaya NR had the most captured rodent individuals (n = 2627) compared to the other localities. Moreover, Sama Jaya NR is an urban park within kerangas forest reserve that provides both ecological and recreational services for researchers and local people. Ten individuals of rodents captured were R. rattus, a well-documented urban pest in Malaysia (Liat, 2015) . The trapping success of rodents was lower at four other forested localities (Mount Penrissen, Samunsam Wildlife Sanctuary, Samarahan forest and Santubong National Park), where the majority vegetation consisted of mixed dipterocarp forests.
A total of 53 rodent serum samples from six genera and eight species were collected for the Hantavirus seroprevalence test ( Table 1 ). All of the rodent serum samples tested negative for antibodies against hantaviruses using the ELISA test. This result suggested that the rodent populations at this region were not exposed to the virus before, and they did not have the antibody levels above the detection limit by the time blood sampling was conducted. The virus can remain in a rodent's body after infection, and it is possibly detectable for up to 270 days, regardless of the IgM and IgG antibodies specific against hantavirus production (Lam et al. 2001) . There was a probability that the rodents were exposed to hantavirus, but the antibody level declined after a few weeks of infection, which led to negative results. R. rattus was considered one of the reservoirs for hantavirus in Asian countries, such as China, Cambodia, Japan and Thailand (Nitatpattana et al. 2000; Wang et al. 2000; Reynes et al. 2003; Lokugamage et al. 2004) . Hantavirus was previously reported in rodent populations in Peninsular Malaysia, Thailand and Singapore (Lim et al. 1985; Wong et al. 1985; Nitatpattana et al. 2000; Lam et al. 2001) ; therefore, the possibility of hantavirus circulation in rodent populations in Sarawak was suspected. Since this study involved a relatively small sample size (n = 53) of rodent blood specimens and small sampling areas relative to the whole region of Sarawak, it is expected that in the future, a more expansive surveillance with viral RNA detection and analysis would allow a thorough assessment of the public health risks of hantavirus infection in this region. Viral RNA detection by real-time polymerase chain reaction (PCR) has high sensitivity if the primers match the sequence of the virus genome present in the samples, and it is a powerful diagnostic tool to identify the prevalence of virus circulation at the time of sampling. Serological tests often could not distinguish between old and new infections. In conclusion, the screening of antibodies specific against hantaviruses from all rodent serum samples showed seronegative results.
